The climate change especially the changes in rainfall pattern is most crucial for Himalayan region as it leads to changes in river runoff and consequently affecting environment, agricultural productivity and human livelihood downstream. Current study aims to evaluate the rainfall trend and variability in the highest rainfall recipient sub-tropical hill regions of Arunachal Pradesh in Northeastern Himalayan region of India. Sen's estimator is used for trend analysis and Mann-Kendall test to determine significance of the trend. The 37 years data reveals no clear and consistent trend of average annual rainfall. But a wide inter and intra seasonal variation in the monthly rainfall has been observed. Also a significant shift in rainfall during pre-monsoon and Southwest monsoon was noticed leading to change in forest and agricultural growing seasons, mid-season dry spell during July and increase in extreme rainfall events during August, September and October. The trend analysis of rainfall will help in prediction of future climate scenarios in this Himalayan region and to understand the impact of climate change.
INTROdUcTION
Current human induced climate change is unprecedented in the history of earth and its impacts are very real though with spatially varied intensity, that is supported and confirmed by consistent rise in average air and ocean temperatures, decrease in glacier levels and rise in sea level 1 . The impact of climate change is believed to be more prominent and extensive especially on the Himalayan Mountains as they are among the most fragile environments/ ecosystems on the Earth 2 . The Northeastern Himalayan region comes under Indo-Myanmar Maga-Biodiversity Zone sustaining huge repository of biodiversity and water and also provide ecosystem services to the communities downstream 3, 4, 5 . The region harbor some of the world's most endangered and endemic flora and fauna species as well as the home to traditional communities who are highly dependent on the ecosystem services for their subsistence and livelihood 6 . Unfortunately the Northeastern Himalaya is now a priority eco-region and biologically rich 'hotspot' 7 . Mountain ecosystems are likely to experience wide ranging effects on the environment, biodiversity, agriculture and socioeconomic conditions under the influence of climate change 8 . Climate change, especially change in hydrological cycle due to change in rainfall patterns leading to changes in river runoff and consequently affecting whole ecosystems downstream including environment, agricultural productivity and human livelihood.
With total geographical area of about 8.37 million hectare, Arunachal Pradesh is the largest hill state in Northeastern Region of India. It is entirely a hilly state lies on the mighty Himalayan and Patkoi ranges. It has rich biological as well as cultural diversity. In a general survey it was found that the state has 23.52% of total flowering plants of India 9 including around 4,500 species of angiosperm and 550 species of orchids; and it also has huge repository of medicinal plants, where primary survey revealed around 500 species 10 . Regarding the genetic resource, the state ranked second in the country 11 . Agriculture of the region is most vulnerable to climate change due to its high dependence on climate especially rainfall as 83 per cent of cropped area are under rainfed cultivation. The Himalayan mountain system divides the state mainly into five river valleys: the Kameng, the Subansiri, the Siang, the Lohit and the Tirap. These rivers, along with innumerable rivulets ultimately drain down to form two major river systems and valleys of the region-the Brahmaputra and the Barak that determine the socioeconomic life of almost whole Northeastern part of India. Any change in the hydrological cycles of these rivers affect the fate of agriculture and economy of millions of people downstream.
In view of the strategic location of the state in the Northeastern Himalayan region, based on long term daily recorded data an attempt was made to study the trends of rainfall in the subtropical hill region that represent the biologically and agriculturally most crucial and diverse part of the state, and influence the climate of whole state. The trend analysis of climatic variables especially rainfall will help in the construction of future climate scenarios in the region. Also, understanding of rainfall variability for a region is necessary to appreciate the impact of climate change.
MATERIALS ANd METHOdS

Study Site
The study is concentrated at Basar located in the Sub-tropical Hill zone of Arunachal Pradesh in Northeastern Himalayan region of India stretching between N27 o 59.53' and E94 o 41.27'. Topographically, it is generally a hilly region, with the elevation of the hills ranges from 600 meters to over 800 meters.
data
The daily rainfall data for the period of 37 years has been collected from Agrometeorological Observatory at ICAR Research Farm, Gori, Arunachal Pradesh maintained by India Meteorological Department. The data were quality checked and the time series of monthly and seasonal rainfall were prepared from daily data.
Statistical Analysis
The statistical characteristics like Mean and Coefficient of Variation were calculated for different seasons to get understanding of the variability.
Generally, trend analysis of time series consists of determination of the magnitude of trend and its statistical significance. Here the magnitude of trend is determined using Sen's estimator method 12 and is the most popularly used for determination of the magnitude of trend in hydro-meteorological time series analysis. In this method of estimation, the slope (T i ) of all data pairs are initially calculated by where x i and x k are data values at j and k (j>k) respectively. The median of N values of T i is Sen's estimator of slope which is calculated as 1/2 A positive value of b indicated an upward (increasing) trend and a negative value indicates a downward (decreasing) trend in the time series 13 .
The Mann-Kendall test has been employed to determine the significance of trend in rainfall 14, 15 . The statistics (S) is defined as per Salas 
Increasing (+) and decreasing (-) trends
The significant difference is marked with "*".
Fig. 1: The variation of annual rainfall during 1979 to 2015, The straight line in the middle is the 37 years normal for rainfall
Where N is the number of data points. It is assumed that = q we have For large sample size (N>10), normal distribution is assumed for conducting the test 16 , with mean and variances as follows:
Where n is the number of tied (having no difference between the compared values) and t k is the number of data point in the k th tied group. Here the Z-statistics is computed as given by Hirsch et al 17 
:
If |Z| < Z á , the null hypothesis (H o ) that there is no trend is rejected at a level of significance in a two-sided test at 95% confidence level.
RESULTS ANd dIScUSSION
The 37 years (1979-2015) mean annual rainfall was found to be 2345 mm with coefficient of variation (CV) of 16.4 per cent. Though the rainfall during the study period has been very erratic or irregular (Fig. 1) , but no significant increasing or decreasing trend of rainfall was noticed as shown in table-I based on Sen's estimator.
On an average 66.5 per cent of rainfall was received during Southwest monsoon season (June-September) followed by 20.5 per cent during pre-monsoon (March-May), while the post monsoon (October to December) and winter (January-February) receives 7.7 and 5.3 per cent of total rainfall respectively (Fig. 2) . The CV of 37 years average rainfall for Southwest monsoon, premonsoon, post-monsoon and winter is 21. Considering the pre-monsoon (March, April and May), in the last five years (2011-2015), the average monthly rainfall has increased in month of March (120.88 mm) and May (297.72 mm) compared to 37 years normal of 102.9 mm and 223.6 mm respectively for the months. While in the month of April the rainfall has been decreased (122.7 mm) compared to normal of 155.0 mm. In Southwest monsoon season there is significant decrease in the average rainfall of July in the last five years (375.7 mm) compared to the normal of 469.7 mm, while the last five year average rainfall has increased in August (365.5 mm) as compared to normal of 336.1 mm. Thus there is shift in the rainfall pattern in the last 5 years compared to 37 years normal. This may results shift in the growing season of forest trees and sowing date of some crops. This also account for mid-season dry spell during month of June and July challenging the ecological structure and rainfed agriculture of the region. However increase in the high intensity rainfall during August, September and October cause serious damage to the standing ready to harvest crops 18, 19 . The uneven distribution of rainfall with heavy rain in the short span resulted floods in the plains of Assam, generally during late July to mid August. Also during post-monsoon, it has been noticed that the average monthly rainfall during 2011-15 has decreased for all the months compared to 37 years normal for the months with significant decrease in October (59.6 mm) compared to normal (124.4 mm). During winter, the average rainfall of January increased in the last five years (58.22 mm) compared to normal (44.88 mm), while average monthly rainfall in February decreased to 45.12 mm (2011-2015) compared to normal of 78. 8 mm (1979-2015) . Thus there is no appreciable change in the winter rainfall as a whole in the recent past. The result reveals no clear and consistent trend in average total annual rainfall over the region, but there is wide inter and intra seasonal variation in its distribution. Previous studies on the long term rainfall trends in India also find no significant trend 20, 21, 22, 23 . The finding in the study is also in accordance with the finding of Dash et. al. 24 that indicated increasing trend in the rainfall during premonsoon seasons. The current study also shows that there is increase in the extreme rainfall events especially during September and October months which is in agreement with the previous finding in different part of the country 25, 26 . During the study, dry spell has been observed in the months of May, June, July and August and in the recent decade the frequency of mid-season dry spell was found to be more prominent in the month of July. Such variation of dry spell was also observed in previous finding by Dash et. al. 27 . The water deficit conditions lead to change in ecosystem and the behavior of plant cultivars in the region 28 .
cONcLUSION
Understanding the variability and temporal distribution of rainfall is crucial for resource planning and management under current era of climatic variability. Though no significant trend in total annual rainfall has been observed during the period, the variability in temporal distribution was found to be significant during all the four seasons. The observed trend is insignificant but they exists indicating uncertain and worrisome possibility of rainfall extreme events like mid-season drought and flush floods.
